Background: Recently, a vision "bolt-on" EuroQol five-dimensional questionnaire (EQ-5D) was developed and tentative utility values (i.e., a "value set") for this new descriptive system were estimated. Objectives: To compare the discriminatory power of this bolt-on and standard utility-based EQ-5D health indices. Methods: Crosssectional data on the (3-level) vision bolt-on EQ-5D were collected through face-to-face interviews with 500 and 336 individuals with and without visual impairment, respectively. To assess the discriminatory power of the vision bolt-on index relative to the standard EQ-5D index developed in the vision bolt-on valuation study, 16 pairs of mutually exclusive subgroups of individuals defined by the individuals' visual acuity and responses to the 14-item visual function questionnaire were compared pairwise. The absolute mean difference in the two index scores and the corresponding F statistic derived from the comparisons were used as measures of discriminatory power. Results:
Introduction
Addition of new items, also referred to as "bolt-on" items, has been explored as a means to improving the EuroQol fivedimensional questionnaire (EQ-5D) [1] [2] [3] [4] [5] [6] . Bolt-on items usually take the same form as do EQ-5D items but target different health dimensions. The aim of this exercise is to increase the sensitivity of the EQ-5D in therapeutic areas in which the performance of the standard version is suboptimal. For example, if the EQ-5D is not sensitive to the impact of eye diseases, addition of an item assessing vision problems may mitigate the problem.
Research on bolt-on items has focused on their measurement properties and valuation of health states defined by the bolt-on descriptive system. Bolt-on items seem to enhance measurement. For example, studies showed that a cognition bolt-on item captured additional health information when added to the EQ-5D [1, 2] . The effect of bolt-on items on valuation of the resultant health states, however, appeared to be complex [3] . Although the utility values of all the possible health states (aka the "value set") were successfully determined for a vision [4] and a psoriasis [5] bolt-on system, a sleep bolt-on item was found to add no value to the EQ-5D [6] . It was because the sleep problems described by the item had little impact on overall health utility compared with health problems captured by the existing EQ-5D items. Therefore, the additional information captured by bolt-on items may not necessarily translate into a more sensitive utility-based health index.
One important question that has not yet been answered for the bolt-on exercise is whether the utility-based index for the bolt-on health states (hereafter referred to as the bolt-on index) is more sensitive than the standard EQ-5D index (hereafter referred to as the "standard" index) in empirical studies. The utility-based health index is a convenient outcome measure for medical decision making and cost-effectiveness analysis of health technologies, and it is the main reason for the popularity of the EQ-5D. Like any new health-status measure, a bolt-on index should be psychometrically validated before formal use. Therefore, the purpose of this study was to assess the discriminatory power or sensitivity to difference of a vision bolt-on index [4] in terms of its ability to discriminate between individuals with different levels of vision problems. Through this study, we hope to evaluate the prospect of the bolt-on exercise as an approach to developing new utility-based measures.
Methods
We used data from a burden-of-illness study for visual impairment (VI) in Singapore, a city-state in Southeast Asia. In that study, health and economic burden of individuals with and without VI was assessed in a cross-sectional survey. The study design is briefly described below.
Individuals with VI
Consecutive patients attending specialist outpatient clinics in Singapore National Eye Centre, a tertiary eye center that manages about half of all eye conditions in Singapore, were recruited. The study was approved by the Institutional Research Board. The patients' inclusion criteria were 1) a clinical diagnosis of cataract, glaucoma, diabetic retinopathy, or age-related macular degeneration for at least 3 months; 2) age 40 years or above; 3) Singapore citizen or permanent resident; 4) VI in both eyes; and 5) able to communicate or accompanied by a caregiver who could communicate in English or Chinese. After informed consent was obtained, each patient or his or her caregiver was interviewed face-to-face in the hospital by a bilingual research assistant using a battery of standardized questionnaires including, in the order of administration, the (3-level) vision bolt-on EQ-5D, the 14-item visual function questionnaire (VF-14) [7] , and a health services utilization and expenditure questionnaire.
Individuals without VI
Members of the general public who volunteered to be screened for eye diseases on the 2013 National Eye Care Day, which was conducted at the Singapore National Eye Centre, were recruited. Inclusion criteria were 1) clinically confirmed absence of cataract, glaucoma, diabetic retinopathy, and age-related macular degeneration; 2) age 40 years or above; 3) Singapore citizen or permanent resident; 4) absence of VI in both eyes; and 5) able to communicate in English or Chinese. Following informed consent, each subject was visited at home and interviewed face-to-face by a trained interviewer using the same set of questionnaires for individuals with VI.
Definition of VI
In this study, presenting visual acuity was measured by a trained optometrist for each individual as a logarithm of the minimum angle of resolution (logMAR) chart (Lighthouse International, New York, NY) at a distance of 4 m, with the individual wearing his or her habitual optical correction (e.g., spectacles or lenses). If no numbers could be read at 4 m, the individual moved to 3, 2, or 1 m, consecutively. If no number could be read on the chart, visual acuity was treated as counting fingers, hand movement, perception of light, or no perception of light. VI was classified according to the visual acuity in the better-seeing eye as follows: 1) mild VI (logMAR Z0.30-o0.48), 2) moderate VI (logMAR Z0.48-o1.00), 3) severe VI (logMAR Z1.00-o1.30), and 4) blindness (logMAR Z1.30) [8, 9] .
Instruments

EQ-5D
The vision bolt-on EQ-5D comprises two parts: the 3-level EQ-5D descriptive system and a vision item. The EQ-5D descriptive system consists of five items, each for a different dimension: mobility, self-care, usual activities, pain/discomfort, and anxiety/ depression. Respondents were asked to describe their health status on the day of the survey in those dimensions as "no problems," "some problems," or "extreme problems." The vision item developed by Longworth et al. [4] was used in this study. It consists of the heading "Vision (using glasses or contact lenses if needed)" and the response options "I have no problems seeing," "I have some problems seeing," and "I have extreme problems seeing." The vision item followed the EQ-5D items in the questionnaire and was administered immediately after the EQ-5D items in this study. Both the English and Chinese versions of the EQ-5D were validated in local patients undergoing cataract surgery [10] and those with age-related macular degeneration [11] .
In this study, the vision bolt-on and standard EQ-5D value sets developed by Longworth et al. [4] were used to generate the bolton score and the standard index score, respectively. The two value sets were simultaneously developed using identical sampling, valuation, and data modeling procedures to study the impact of adding the vision dimension on the valuation of EQ-5D health states [4] . Both value sets were estimated using time trade-off utility values of 20 health states directly measured from a general population sample drawn from Yorkshire, England (n ¼ 155 for standard and 157 for bolt-on). The standard index score values range from -0.072 for the worst health state to 1.018 for the best health state. In this study, the only greater than one value for the best health state was truncated to 1.000 to achieve comparability with bolt-on score values, which range from -0.015 to 1.000.
VF-14
The VF-14 assesses the level of difficulty in performing activities of daily living due to vision problems. Each of the 14 items in this questionnaire measures a different vision problem using a fivepoint Likert response scale ranging from 0 (no difficulty) to 4 (unable to perform activity). The instrument has been validated in the Singaporean population previously [12] .
Statistical Analysis
The discriminatory power of the bolt-on index score was assessed by comparing the ability of bolt-on and standard index scores to discriminate between paired groups of individuals known to differ in VI severity or vision problems. For this purpose, four pairs of known groups were defined according to VI severity: no VI versus mild VI, mild VI versus moderate VI, moderate VI versus severe VI, and severe VI versus blindness; 12 pairs of known groups were defined using self-reported vision problems with VF-14, each pair for a different vision problem. These vision problems included reading small print, reading newspapers, reading large print, recognizing people, seeing steps, reading traffic signs, doing handwork, filling forms, playing games, taking part in sports, cooking, and watching TV. Difficulty in car driving was assessed in VF-14 but was excluded from this analysis because very few participants drove or had driven a car. For each vision problem, the two known groups consisted of a group with problems (defined as reporting "a little," "some," or "a great deal" of difficulty or "unable" to perform the related activity) and a group without problems (defined as reporting "no" difficulty in performing the related activity).
Discriminatory power was first assessed using the absolute mean difference in the index scores between the known groups defined by participants' VI severity and VF-14. A larger difference means greater utility gains and therefore a higher chance of drawing the conclusion of cost-effectiveness when the index is used in a cost-utility analysis, thus indicating higher discriminatory
power. Discriminatory power was also assessed in terms of the squared t statistic derived from the two-sample t test of index scores between the known groups. The squared t statistic (equivalent to the F statistic from the analysis of variance test in value) is widely used to assess the relative efficiency of patient-reported outcome measures [13] [14] [15] . A higher F-statistic value means a higher likelihood for the measure to show statistical significance when used to compare groups. Hence, higher F-statistic values indicate higher discriminatory power. In this study, the F-statistic ratio of the two index scores was calculated for each pair of the known groups in such a way that a ratio of less than 1 would mean that the bolt-on index score is more discriminative. The ratio can be interpreted in terms of the relative sample size needed to achieve statistical significance [16] . For example, a ratio of 0.5 means that the bolt-on index can achieve the same statistical power as the standard index with only half of the sample size for the latter when they are used to compare the two groups.
The differences in index scores between the known groups and their corresponding F statistics were also estimated using multiple linear regression models in which the effect of age and sex was adjusted. The adjusted difference and the F statistic are better indicators than the unadjusted estimates of the sensitivity to change (or responsiveness) of index scores in longitudinal studies. All analyses were conducted using SAS for Windows (version 9.2, SAS Institute, Inc., Cary, NC) at the significance level of 0.05.
Results
Sample Characteristics
A total of 500 individuals with VI were recruited. Their mean age was 71.6 Ϯ 9.8 years, and 47.6% were men. Most of the individuals were Chinese (88.0%), with primary or no formal education (64.2%), not working (80.2%), and married (86.2%). The mean Ϯ SD for the bolt-on and standard index scores was 0.90 Ϯ 0.15 and 0.91 Ϯ 0.15, respectively. The full sociodemographic and health characteristics of individuals with VI are presented in Table 1 .
A total of 336 individuals without VI participated in the study. Their mean age was 63.1 Ϯ 7.4 years, and 36.3% were men. Most of them were Chinese (95.8%), with secondary education (68.2%), not working (58.3%), and married (77.4%). The mean Ϯ SD for the bolt-on and standard index scores was 0.97 Ϯ 0.05 and 0.96 Ϯ 0.06, respectively. Compared with individuals with VI, those without VI were significantly younger, better educated, more likely to work, and healthier according to the EQ-5D (Table 1) .
Absolute Mean Differences between Known Groups
The bolt-on and standard index scores both decreased monotonically with increasing VI severity ( Table 2 ). The mean absolute difference in the bolt-on and standard index scores was 0.055 and 0.036, respectively, between individuals without VI and with mild VI, 0.015 and 0.017, respectively, between individuals with mild VI and moderate VI, and 0.042 and 0.031, respectively, between individuals with moderate and severe VI; the difference in both index scores was 0.032 between individuals with severe VI and blind individuals. For each of the 12 vision problems assessed by VF-14, both index scores were higher in individuals without a problem than in those with the problem. The absolute mean differences between the known groups ranged from 0.074 to 0.155 and 0.061 to 0.135 for the bolt-on and standard index scores, respectively, with the difference in the bolt-on index score being larger than the corresponding difference in the standard index score for all the 12 vision problems (Table 3) .
After adjusting for the effect of age and sex, the absolute mean differences between the known groups were attenuated for both bolt-on and standard index scores. As can be seen in Tables 2 and 3 , the bolt-on index score still exhibited a larger mean absolute difference than did the standard index score in all but two known-group comparisons. The absolute mean difference in bolt-on and standard index scores was 0.012 and 0.014 between individuals with mild and moderate VI and 0.049 and 0.051 between individuals with severe VI and blind individuals, respectively.
F-Statistic Ratios for Known Groups
The F-statistic ratio of the standard index score versus the bolton index score derived from the comparisons of the groups known to differ in VI severity ranged from 0.415 to 0.667, with the mean being 0.525 Ϯ 0.110 (Table 2) . Similarly, the F-statistic ratios derived from the comparisons of individuals with and without a vision problem were less than 1 for all 12 vision problems, with the range being 0.571 to 0.770 and the mean being 0.678 Ϯ 0.057 (Table 3 ). The F-statistic ratios became smaller in all but one known-group comparisons after adjusting for the effect of age and sex (Tables 2 and 3 ); in the comparison of individuals with severe VI and those who were blind, the adjusted F-statistic ratio was 0.668, higher than the unadjusted value of 0.550.
Discussion
In this study, we found that the vision bolt-on EQ-5D index score was more discriminative than the standard EQ-5D index score to different levels of visual problems. To our knowledge, this is the first empirical study showing that a bolt-on EQ-5D index score had higher discriminatory power than did the standard EQ-5D index score. A previous study found that a cognition bolt-on item might increase the sensitivity of the EQ-5D to change (or responsiveness) in the elderly population [2] . The preference-based EQ-5D index score, however, was not assessed in that study. Hence, our study provided the first evidence for the value of the bolt-on exercise in developing utility-based measures with better measurement properties.
The vision bolt-on EQ-5D exhibited a larger difference than did the standard EQ-5D in 14 of 16 comparisons of groups known to differ in vision status, suggesting that it would demonstrate greater gains than the latter for interventions that can improve vision acuity or function. Although the advantage in utility gains as indicated by adjusted mean absolute differences of the two index scores was only between 0.01 and 0.03, it may still increase the chance of showing positive results in economic evaluation studies. For example, if a new intervention can improve mildly impaired vision to normal vision and maintain it for 10 years, the incremental gains in quality-adjusted life-years (QALYs) for an individual treated by the intervention as compared with the usual care that can only maintain the current vision would be 0.48 and 0.30 based on the bolt-on and standard EQ-5D, respectively, according to our study. Assuming that the incremental costs for the intervention as compared with usual care are $15,000, the point estimate of the incremental costeffectiveness ratio based on the bolt-on and standard EQ-5D would be $31,250/QALY and $50,000/QALY, respectively. If the decision maker's willingness-to-pay threshold is $40,000/QALY, the use of the two index scores would lead to completely different conclusions. Therefore, the seemingly small advantage of the vision bolt-on EQ-5D over the standard EQ-5D in economic evaluations should not be underestimated.
It should be noted that the bolt-on index score may not always be advantageous to the standard EQ-5D index score in economic evaluations. In two comparisons of individuals with different levels of VI, the absolute difference quantified by the two index scores differed by only 0.002, with the standard EQ-5D being the more discriminative one. Although the difference is too small to affect the outcomes of economic evaluations, this result suggests that the vision bolt-on item may not always increase the discriminatory power of the index score, especially when the difference between the groups and the sample size of the groups are both small. Despite this result, the bolt-on EQ-5D should potentially be considered as the first choice for use in economic evaluations in patients with vision-related problems because it performed as well as or better than the standard EQ-5D in all conditions studied. Note. The number inside the parentheses is the number of participants, and the number outside them is the proportion, unless otherwise specified.
VI, visual impairment. 
Our study suggests that the bolt-on index score would be more discriminative than the standard EQ-5D index score when they are used in studies aiming to detect statistically significant difference. Based on the F-statistic ratios, the bolt-on index score is more likely than the standard EQ-5D index score to show statistically significant results, which means that a smaller sample size is needed when the bolt-on index substitutes the standard EQ-5D index as the primary outcome measure in a clinical trial. This advantage of the bolt-on index score was present in all the known-group comparisons, including the two comparisons in which the standard EQ-5D index score demonstrated a larger absolute mean difference. This is not surprising because the F statistic is a function of both the mean difference between groups and the SD of the index scores [13] . When the mean difference is relatively small, a relatively higher F-statistic value is still possible if the corresponding SD is small. The SD of the bolt-on index score was smaller than that for the standard EQ-5D index score for almost all the comparison groups in this study. Because the two indices use the common scale anchored by 0 (dead) and 1 (full health), this result means that the bolt-on index score could provide measurements with less error or higher reliability for the comparison groups. The higher F-statistic values suggest that the vision bolt-on item not only captured a unique difference between known groups but also meaningfully affected the index score. The F-statistic ratios also suggest that the advantage of the bolt-on index score to the standard EQ-5D index score is greater in discriminating different levels of VI than in discriminating vision problems. This could be because certain standard EQ-5D items such as the usual activities and the VF-14 captured some common information. As a result, the added value of the vision item to the EQ-5D is less when the target of measurement is defined by the VF-14. Taken together, our study suggested that it would be more advantageous to use the vision bolt-on EQ-5D than the standard EQ-5D in hypothesis-testing studies. This is good news because the performance of the standard EQ-5D in visual disorder was found to be mixed [17] .
The main limitation of this study is the use of experimental value sets estimated using a relatively small general population sample. There is currently no official bolt-on value set. Therefore, what we showed in the study is just the potential of the vision bolt-on item in empirical studies, and the utility values reported in this article should not be used in any formal economic evaluation. Also, it should be noted that discriminatory power is sensitivity to difference but not sensitivity to change or responsiveness, although a higher discriminatory power may be a sign of better responsiveness. Hence, future studies are needed to assess the relative sensitivity of the bolt-on and standard EQ-5D in interventional studies. Last, this study was based on observation of a vision bolt-on item in Asians with and without vision problems. Hence, the study findings might not be generalizable to other populations or bolt-on items. Nevertheless, this study is well powered by a large sample of individuals and it has provided the first information about the potential of the bolt-on exercise in the real world.
In conclusion, the vision bolt-on EQ-5D appears to be more discriminative than the standard EQ-5D in measurement of vision problems. Future studies should investigate the extent to which the vision bolt-on item can increase the sensitivity of the EQ-5D to vision change in interventional studies.
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